OBJECTIVES: Radical surgery with systematic upper mediastinal node dissection for primary lung cancer can cause recurrent laryngeal nerve (RLN) paralysis, but this is poorly reported.
Hoarseness after radical surgery with systematic lymph node dissection for primary lung cancer 
INTRODUCTION
The primary aim of surgical treatment for non-small-cell lung cancer (NSCLC) is complete resection. This approach is performed with standard radical resection, which typically includes lobectomy, bilobectomy or pneumonectomy with systematic lymph node dissection (SLND) [1] . However, mediastinal lymph node dissection is reported to allow for accurate pathological staging of lymph node disease, although its utility as a curative procedure remains to be proven [2] . Lymph node dissection may be responsible for important complications, including bleeding, chylothorax [3] , atrial fibrillation [4] and recurrent laryngeal nerve (RLN) or phrenic nerve paralysis [5, 6] . Some degree of hoarseness caused by RLN paralysis may be unavoidable when performing SLND by surgery for primary lung cancer. Hoarseness is a well-known and representative complication following upper mediastinal SLND for NSCLC. However, few reports have focused on this phenomenon. We encountered patients whose hoarseness after surgery resolved without any further treatment; however, the clinical features of such phenomena have not been systematically studied. The aim of this study was to investigate hoarseness as a complication after mediastinal lymph node dissection. We also differentiated among surgical procedures and have discussed the related effects on patient recovery.
MATERIALS AND METHODS
This retrospective single-centre study was conducted at the Department of Cardiovascular and Thoracic Surgery, Ehime University Medical School, Toon City, Japan, between July 2010 and August 2015. We collected clinical data for consecutive patients who underwent surgical resection for primary lung cancer at our institution (n = 378). We excluded patients with incomplete resection (n = 13) and those with follow-up data for <1 year. Only patients who had undergone SLND were included (n = 248) (Fig. 1) .
Three surgeons (Y.S., H.S. and M.O.) at our institution have been accredited by the Japanese Board of General Thoracic Surgery, and all the procedures were performed by one of these 3 surgeons. All patients who underwent SLND received lymph node dissection as part of the procedure as described as MLND in ACOSOG Z0030 [7] . The overall responsibility for the quality of all the procedures for a given patient was controlled by a single surgeon (Y.S.) in accordance with sufficient quality requirements. The study was approved by our institutional review board. If patients were recognized with hoarseness after surgery and did not show any signs of improvement within several days, they were referred to an otolaryngologist for vocal fold examination by laryngoscopy. The follow-up with laryngoscopy was performed at 1 week, 2 weeks, 1 month, 3 months, 6 months and 1 year after surgery until the hoarseness improved. The primary outcomes of interest were the incidence of RLN paralysis after radical surgery for primary lung cancer as well as the outcomes in those patients. The changes in RLN paralysis were assessed by evaluating the clinical improvement in hoarseness or by laryngoscopic evidence of improvement in the vocal fold movement. Hoarseness was diagnosed based on reports by the patient or a proxy, identification by the physician or both.
Statistical analysis
All calculations were performed using the IBM Statistical Package for Social Sciences (SPSS) version 22 for Windows (SPSS Inc., Chicago, IL, USA).
Continuous variables were presented as mean ± standard deviation for normally distributed data and median with interquartile range for non-normally distributed data. Categorical variables were presented as n (%). Distributions were checked using Q-Q plots. The normality of the data was assessed using the Shapiro-Wilk normality test. Continuous variables were compared using the unpaired t-test for normally distributed data and the Mann-Whitney U-test for non-normally distributed data. Categorical variables were correlated using the Fisher's exact test. For all the tests, P-value <0.05 was considered to be statistically significant.
RESULTS

Overall incidence of hoarseness
We retrospectively collected clinical data for 378 consecutive patients and reviewed 365 patients with complete resection, of whom 22 had hoarseness and 343 did not have hoarseness (248 underwent SLND). Thus, 6.0% of our cohort (9.7% of patients who underwent SLND) experienced postoperative hoarseness. Although 1 of 22 patients refused to undergo laryngoscopy, we assessed vocal fold movement in all the remaining patients. There were no significant differences in age, gender, performance status, pathological stage or tumour sites between the groups ( Table 1 ).
Incidence of hoarseness by procedure
All patients who reported hoarseness had undergone mediastinal SLND. Therefore, we limited the review only to patients who underwent mediastinal SLND (n = 248). Hoarseness occurred in 17 of 174 patients (9.8%) of video-assisted thoracic surgery (VATS), including robotic-assisted VATS, and in 5 of 69 patients (7.2%) of open thoracotomy. There was no significant difference between the VATS and open thoracotomy groups (P = 0.63). However, all 22 patients with hoarseness had undergone lobectomy (22/248 patients, 8.9%), and no episodes occurred after pneumonectomy, bilobectomy or segmentectomy.
Analysis of results for mediastinal systematic lymph node dissection
When we restricted the analysis to patients who underwent mediastinal SLND (Table 2) , hoarseness developed after right upper lobectomy in 4.3% (4/93), after right middle lobectomy in 14.3% (2/14), after right lower lobectomy in 4.8% (2/42), after left upper lobectomy in 19.0% (12/63) and after left lower lobectomy in 7.7% (2/26) . No patient developed hoarseness after pneumonectomy, bilobectomy or segmentectomy ( Table 2 ). All patients who experienced hoarseness had undergone upper mediastinal SLND. Patients who received right and left upper mediastinal SLND experienced hoarseness at the rates of 5.4% (8/149) and 16.3% (14/84), respectively (P = 0.009).
In the groups with and without hoarseness, the median number of dissected mediastinal lymph nodes in the right upper mediastinum was 28.0 (22.0-36.5) and 30.0 (25.0-37.8), respectively (P = 0.58). The median number of dissected mediastinal lymph nodes in the left upper mediastinum in groups with and without hoarseness was 20.5 (15.0-27.5) and 22.0 (14.3-25.5), respectively (P = 0.64). Neither result was significant. Additionally, there were no significant differences in the presence of adhesions, intraoperative blood loss or time to removal of the chest tube between the groups. The duration of surgery and hospitalization were significantly longer in the hoarseness group (Table 2) .
Follow-up laryngoscopic findings
The follow-up data obtained for the 22 patients with hoarseness are summarized in Table 3 . Initial laryngoscopic examination revealed that 5 patients (23.8%) had right RLN paralysis and 15 Worse outcomes were noted with paralysis of the left RLN compared with paralysis of the right RLN. Indeed, all 6 patients whose symptoms did not improve during follow-up had left RLN paralysis, whereas all 5 patients with confirmed right RLN paralysis had symptom resolution. Overall, 7 of 8 patients who underwent right upper mediastinal SLND experienced symptom improvement. The 1 patient without symptom improvement confirmed left RLN paralysis after right mediastinal SLND.
Three patients required surgery for vocal cord disorders. Two patients underwent arytenoid adduction with Type I thyroplasty, and 1 patient underwent Type I thyroplasty (Table 3) .
DISCUSSION
Although SLND is an integral part of standard resection for NSCLC [8] , the optimal extent of dissection remains controversial. Furthermore, while the procedure is an excellent option for staging and prognosis assessments, it remains unclear whether it affects outcomes [9, 10] . In fact, SLND may result in increased morbidity, being primarily responsible for complications such as bleeding, chylothorax [3] , atrial fibrillation [4] and RLN or phrenic nerve paralysis [5, 6] . Watanabe et al. [11] showed that postoperative complications related to mediastinal lymph node dissection occurred in 35 patients (3.5%). In the same study, the subdivision by type was 15 patients (1.5%) of RLN injury, 3 patients (0.3%) of bilateral vagal injury, 14 patients (1.4%) of chylothorax and 3 patients (0.3%) of airway injury.
There is some debate in the thoracic surgical community as to whether lymph node sampling is adequate or whether SLND is needed in all patients [7, 12] . From the late 1990s to the early 2000s, 3 randomized controlled trials with small sample sizes compared lymph node sampling with lymph node dissection [9, 13, 14] . A systematic review and meta-analysis were subsequently published to unify these data [1] . This later analysis showed that in patients with NSCLC, SLND, compared with sampling alone, was associated with improved survival. A recent trial performed by the American College of Surgeons (Z0030) indicated that there was no increase in morbidity when SLND was performed instead of sampling [15] . Recently, another systematic review and meta-analysis indicated that overall survival, local recurrence rate and distant metastasis rate were comparable for these procedures in early-stage NSCLC, and there was no evidence that SLND increased complication rates compared with sampling [16] . Lobe-specific mediastinal node dissection for early-stage lung cancer has also become an accepted and increasingly used procedure [17] [18] [19] . The vagal nerves are the longest and broadest of the cranial nerves. The left RLN loops around the aorta from front to back, whereas the right RLN loops around the right subclavian artery [20] . There have been some reports about the aberrant anatomy of these nerves [20, 21] . Therefore, the RLN has often been injured following procedures that affect the mediastinum, including lymph node dissection and endotracheal intubation. The acute deleterious effects of RLN paralysis are flaccidity of the ipsilateral vocal fold, loss of abduction and adduction, severe dysphonia to complete paralytic aphonia and aspiration of food or drink. These significant implications for quality of life mean that care must be taken to avoid nerve injury during any manipulation in this area [22] .
In this report, hoarseness after radical surgery for primary lung cancer occurred in 6.0% of patients, and all those who experienced hoarseness had undergone upper mediastinal SLND. Moreover, 5.4% of patients who had received right upper mediastinal SLND experienced hoarseness compared with 16.3% for those who received left upper SLND. Laryngoscopy revealed that 23.8% of patients had right RLN paralysis and that 71.4% had left RLN paralysis. One patient who underwent VATS right upper lobectomy with upper mediastinal and subcarinal SLND also had left RLN paralysis. We speculated that it was responsible for the injury to the left RLN during the right upper mediastinal dissection. This could be because the lymph nodes of the right upper mediastinum sometimes connect continuously with the left upper mediastinum. These results indicate that greater care must be taken when dissecting the upper mediastinal lymph nodes to avoid RLN injury, especially on the left side; however, the most important factor is ensuring that the RLN is accurately identified.
Intraoperative neuromonitoring of the RLN may be useful for limiting damage. It has been shown, for example, that stimulation of the RLN during surgery on the thyroid, parathyroid or oesophagus is useful for predicting postoperative RLN function [23, 24] . However, research results are conflicting. A review and metaanalysis showed that there was no statistically significant difference in the incidence of RLN palsy when using intraoperative neuromonitoring, compared with visualization alone, during thyroidectomy [25] . In contrast, Zhao et al. [26] successfully applied intraoperative RLN monitoring for left lung cancer. The results showed that intraoperative RLN monitoring was effective in identifying the left RLN, that it was safe, and that it could help surgeons avoid RLN injury.
We also reported the results of the long-term follow-up for patients who sustained RLN injuries. The fact that 72.7% of patients who suffered from hoarseness spontaneously improved over a period of 1 to 28 months after surgery is noteworthy, as is the fact that 7 of 8 patients who underwent right upper mediastinal SLND had symptomatic improvement. One patient who did not improve symptomatically had a confirmed left RLN paralysis after right mediastinal SLND. Such long-term data have not been reported to date.
Limitations
The limitations of this study include its small sample size, the fact that the laryngoscopic follow-up could not be performed for all patients and the difficulty of diagnosing hoarseness. These did not allow adequate assessment of the symptoms compared with laryngeal nerve paralysis. To confirm these findings, a long-term prospective trial should be designed to follow up with patients.
CONCLUSIONS
In our cohort, 73.7% of patients who had symptomatic hoarseness and 62.5% who had vocal cord disorders (as diagnosed by laryngoscopy) showed evidence of improvement. All patients who suffered from right RLN paralysis and hoarseness had improved without further treatment. We conclude that a longer follow-up period is required to discern whether hoarseness is a temporary or permanent complication of radical surgery for primary lung cancer with SLND.
